We have used Kepler photometry to characterize variability in four radio-loud active galactic nuclei (three quasars and one object tentatively identified as a Seyfert 1.5 galaxy) on timescales from minutes to months, comparable to the light crossing time of the accretion disk around the central supermassive black hole or the base of the relativistic jet. Kepler's almost continuous observations provide much better temporal coverage than is possible from ground-based observations. We report the first such data analyzed for quasars. We have constructed power spectral densities using 8 Kepler quarters of long-cadence (30-minute) data for three AGN, 6 quarters for one AGN and 2 quarters of short-cadence (1-minute) data for all four AGN. On timescales longer than about 0.2-0.6 day, we find red noise with mean power-law slopes ranging from -1.8 to -1.2, consistent with the variability originating in turbulence either behind a shock or within an accretion disk. Each AGN has a range of red noise slopes which vary slightly by month and quarter of observation. No quasi-periodic oscillations of astrophysical origin were detected. We detected several days-long flares when brightness increased by 3% -7% in two objects. No flares on timescales of minutes to hours were detected. Our observations imply that the duty cycle for enhanced activity in these radio-loud AGN is small. These well-sampled AGN light curves provide an impetus to develop more detailed models of turbulence in jets and instabilities in accretion disks.
Introduction

10
One of the best ways to probe the extremely small regions from which the bulk of the energy 11 in AGN is emitted is through the study of their variability in different bands. The immense M M ⊙ = 3.23 × 10 4 P (r 3/2 + a)(1 + z) ,
where r is the hot-spot distance in units of GM/c 2 , a is the BH spin-parameter and z is the and extreme Kerr BHs, respectively. In practical terms, we need to observe for many months to be 106 sensitive to ADs surrounding billion-solar-mass black holes because any large hot spots in ADs are 107 probably both rare and short-lived, lasting no more than dozens of orbits (∼ 2 weeks). 
Emission from Jets
109
For core-dominated flat spectrum radio quasars, where the emission is almost certainly dom-110 inated by jets within several degrees to our line of sight, the radio-X-ray variability can result 
128
A leading model for any jet-based quasi-periodic variations is the intersection of an outward
129
propagating shock with a helical structure within the jet (Rani et al. 2009 Gopal-Krishna et al. 2011; Carini et al. 2007; Goyal et al. 2012, and references therein to 20% (e.g., Sagar et al. 2004; Stalin et al. 2004; Ramírez et al. 2009 ), which might be expected.
147
More surprisingly, radio-quiet QSOs show a similar duty cycle to radio-loud quasars, indicative of 148 variability arising from accretion disks or perhaps from jets that are present only on nuclear scales
149
(e.g., Gopal-Krishna et al. 2003; Ramírez et al. 2009 CCDs and modules are listed in Table 13 showed any short-term variability of any type during any quarter. 
Search for Brief Flares
247
No fast astrophysical flares (shorter than a few hours) were detected in any of our targets.
248
Our search method was as follows. of the gaps and then adding noise derived from the local standard deviation. In the case of Q12 273 data, which was affected by coronal mass ejections, these additional gaps lasted up to 4 days.
274
Third, single point outliers more than 4σ from the local mean were removed and replaced with 275 points generated from that local mean with a random dispersion based on that σ value. Finally, in 276 order to minimize errors in the PSD produced by the low-frequency instrumental drifts discussed 277 above and to take into account the fact that we do not have an infinitely long data train, we "end- that the last several points are at the same level as the first several points in each quarter.
280
The PSD slope is determined from equally weighted points in the PSD. The PSD is not 281 uniformly populated with data; there is far more data at the high frequency end than the low 282 frequency end. The slopes at the high frequency end are invariably consistent with 0, or white-283 noise, and our fits were done so as to force the high frequency PSD to a zero slope. Then the low-end 284 PSD slope was found via a least squares procedure computed starting at the lowest frequency points 285 until that slope started to flatten dramatically, which was indicative of the location of the break 286 frequency. The results are summarized in Table 3 , which includes results for the original SAP data, variation between quarters.
296
The slopes found using end-matched SAP data are almost always shallower than those using 297 the pure SAP counts, which is expected since some of the long-term drift, which yields power at 298 the lowest frequencies, is removed with end-matching. They are usually between −1.2 and −1.9.
299
Note that if the intrinsic PSDs were actually steeper than −2.0, ignoring end-matching would tend 300 to drive the estimated slopes toward around −2.0, while incorporating it provides much closer 301 estimates of the actual slopes fed into simulations (Fougere 1985) . The fact that end-matching 302 typically slightly flattens the slopes indicates that the intrinsic slopes were not steeper than −2.0.
303
We show typical examples in Figure 3 .
304
We also fitted the Short Cadence data and give, in 
Flares and the Overall Shape of the Light Curves
353
In 30 quarters of data, the strongest flare we saw was an excursion of ∼ 7% amplitude in
354
Object C during Q10, and lasting about 5 days. Object A also several significant flares of ∼ 4 − 6%
355
size over a period of 10 days in Q12. Object C showed three excursions of ∼ 3% in Q9. Objects B
356
and D showed no days-scale variability during any quarter. The flares could be caused by magnetic 357 reconnection events or random fluctuations within the jets or by brightening in the accretion disk.
358
No microvariability on timescales of minutes to hours was detected, possibly because the short- 
377
Such monitoring, however, can be biased in favor of "interesting" objects, with those known to be 378 variable being covered more frequently and some "uninteresting" objects can be dropped from the a damped random walk model that seems to explain its main properties (MacLeod et al. 2010 (MacLeod et al. , 386 2012 Ruan et al. 2012 ). One conclusion of that work particularly relevant to our study is that 387 radio-loud quasars are slightly more variable than radio-quiet ones. Specifically, the average SF inf , 388 a measure of the strength of variability, was around 0.26 mag (in g ′ ) for the whole sample while the 389 average for the radio-loud sample was 0.34 mag (MacLeod et al. 2010) , where the redshifts in both 390 categories were quite similar. Our densely sampled Kepler data on four AGN complement those 391 programs with baselines of years that looked at very large numbers of objects much less frequently. 
Power Spectral Densities
393
The results of our power spectral density (PSD) analyses are shown in Table 3 (long-cadence 394 data) and Table 4 (short-cadence data). As discussed in §5.3, possible systematic errors in slopes 395 are minimized by the corrections for (post-monthly-download) thermal drift and end-matching
396
(last column of Table 3 ). The power-spectra for our quasars are dominated by red noise at lower 397 frequencies and white noise at higher frequencies. We interpret the bulk of the red noise as intrinsic 398 to the quasars; the white noise is instrumental. We find mean slopes between −1.2 and −1.8 for the red-noise portion of the PSDs for our four AGN. These slopes varied from quasar to quasar and, techniques are much more difficult to compare.
429
The break frequencies at which the red noise and white noise contributions are equal were We have observed three flat spectrum radio quasars and one radio-loud AGN (tentatively 447 classed as a Seyfert 1.5 galaxy) for two years with Kepler. We find power spectral densities in the A Q6*, 7**, 8, 9**, 10*, 11**, 12, 13** Q6. 1, 6.2, 6.3, 11.1, 11.2, 11.3 B Q6, 7, 9, 10, 11, 13 Q6.1, 6.2, 6.3, 11.1, 11.2, 11.3 C Q6, 7*, 8, 9, 10, 11*, 12, 13 Q6.1, 6.2, 6.3, 11.1, 11.2, 11.3 D Q6*, 7, 8, 9, 10*, 11, 12, 13 Q6.1, 6.2, 6.3, 10.1, 10.2, 10.3 a Targets are observed on a given Kepler detector for one quarter, using 4 detectors during a year. Start-stop dates for quarters are given at: http://keplergo.arc.nasa.gov/ArchiveSchedule.shtml. For our Q6-13 data, each quarter returned approx. 4100-4700 30-minute cadences. Object B falls on dead CCD #3 during Q8, Q12, etc.
b Some data are affected by a Moire fringe-like time-dependent instrumental fluctuation in amplitude that is very hard to calibrate. * denotes likely fringing; ** denotes fringing obvious by inspection of the raw data.
c For our Q6, 10 and 11 data, each month returned approx. 40,000 1-minute cadences. e No z ′ data were available in the KIC for these objects. -Kepler light curves for Object B for 6 quarters (no data were taken for Q8 and Q12 due to an inoperative detector). Several operations were performed on the "raw", or SAP, data prior to computing PSDs (see §5). Color coding represents: unmodified data (light blue); removal of monthly thermal glitch (orange); monthly data gap and other missing data (green); data entries with a time value but no flux value (purple); and outliers (red). The dominant variation is not intrinsic variability, but residual 1-year period differential velocity aberration and thermal drift instrumental effects (Kinemuchi et al. 2012) . Each shows data from a single quarter, with fluxes corrected for known calibration issues as described in the text. A two-parameter fit is shown for each: (i) a white-noise level that dominates at high frequencies; and (ii) a power law slope that dominates at frequencies below ∼ 10 −5 Hz.
